INTRODUCTION
The Lanping basin is located at the juncture of the Eurasian and Indian plates on the eastern Tibetan Plateau. It is situated between the Lancangjiang River Suture to the west and the Jinshajiang-Ailaoshan Suture to the east. In the eastern Indo-Asian collision zone, a series of thrust-controlled, epithermal Zn-Pb-Ag-Cu oreforming systems produced numerous economically significant deposits (Zhang, 1993; Hu et al., 1998; Xu and Zhou, 2004; He et al., 2005 He et al., , 2009 Zhao, 2006) . These deposits occur in the Lanping foreland fold belt and include the largest Zn-Pb deposit in China, the Jinding deposit, in addition to many Ag-bearing polymetallic ore deposits in the Baiyangping area (Tian, 1997; Chen et al., 2000 Chen et al., , 2004 Xue et al., 2003 Xue et al., , 2007 Deng, 2011) .
The Baiyangping area hosts many Ag-bearing polymetallic ore deposits and is an important polymetallic ore deposit cluster in the region (Tian, 1997; Gong et al., 2000; Liu et al., 2004; Li et al., 2005) . This ore deposit cluster has a reserve of 4598.65 t at 178.43 g/t Ag, 0.38 Mt at 1.45% Cu, 0.43 Mt at 5.15% Pb, 0.36 Mt at 5.02% Xu and Zhou, 2004) . b), c) Simplified maps showing the structure and geology of the Wudichang (b, after Deng, 2011) and Baiyangping deposits (c, after Tian, 1997). 1989; Suzuki et al., 1996) . Moreover, the mineralized stocks in many ore districts are usually numerous and complex with mineralization that occurred during multiple episodes (Wang et al., 2001; Hou et al., 2006 Hou et al., , 2007 .
Fig. 1. a) Geologic map showing the distribution of important ore deposits in the northern part of the Lanping basin (modified after
The Sm-Nd dating technique is effective for dating hydrothermal events (Maas et al., 1986; Bell et al., 1989; Bros et al., 1992; Anglin et al., 1996; Jiang et al., 2000) , including relatively young mineralizations (Chesley et al., 1991) . Recent studies have demonstrated that the SmNd isotope systematics of hydrothermal calcite can yield accurate ages of mineralization (Peng et al., 2003; Uysal et al., 2007; Su et al., 2009) . Hydrothermal calcite with a relatively high amount of rare earth elements (REEs) and variable Sm/Nd ratios, suitable for Sm-Nd isotopic dating, is present in the Bainyangping and Wudichang Agbearing polymetallic deposits (Peng et al., 2003; Su et al., 2009) . We used the Sm-Nd dating technique to determine the age of hydrothermal calcite from the Baiyangping and Wudichang deposits. This is the first time the Baiyangping Cu-Ag-Co deposit has been dated by this method. The resulting ages establish a temporal relationship between ore formation and tectonic evolution in this region.
GEOLOGICAL SETTING
The Lanping basin is located in the eastern Indo-Asian collision zone, a prominent NS-trending topographical feature in south China. Tectonically, this basin is an intracontinental basin developed within the LanpingSimao microplate situated between the Yangtze Plate to the east and the Tibet-Yunnan Plate to the west. The Lanping-Simao microplate is bounded by the Lancangjiang regional fault to the west and the Jinshajiang-Ailaoshan fault to the east (Xue et al., 2003 (Xue et al., , 2007 Zhao, 2006; He et al., 2009) . The Proterozoic metamorphic rocks (i.e., sericite schist, marble, and gneiss) that form the basement of the Lanping basin are exposed along both marginal fault zones of the basin. The Mesozoic sedimentary strata of the basin mainly consist of carbonates of the upper Triassic Sanhedong Formation, carbonate-bearing sandstone, carbonaceous shale, and slate of the middle Jurassic Huakaizuo Formation, and terrestrial clastic sediments of the lower Cretaceous Jingxing Formation. The Cenozoic strata are dominated by lacustrine clastic sediments such as siltstone, mudstone, sandstone, and conglomerate. Outcrops of Himalayan igneous rocks are mostly restricted to the margins of the Lanping basin. A few small plutons, such as the Zhuopan, Huanglianpu, and Weishan plutons are located inside the basin. These plutons are composed of quartz syenite, beschtauite, granitic porphyry, nepheline syenite, and alkali gabbro and range in age from 56 Ma to 37 Ma (Dong et al., 2005; Zhao, 2006) . Translithospheric faults are located at the margins of the basin and transcrustal faults are situated in the center of the basin (Xue et al., 2002; Hou et al., 2008) . The Lanping basin has been affected by several tectonic events, such as rifting during the Indo-Chinese epoch, compression during the Yanshanian epoch, and strike-slip extension during the Himalayan epoch (He et al., 2009; Hou, 2010) .
As a result of the Indo-Asian collision, two large-scale Cenozoic thrust-nappe systems developed in the Lanping basin. They are separated by a NE-trending central axial fault. The thrust-nappe systems appear to have controlled the spatial distribution of many Cenozoic Ag-Zn-PbCu deposits in this region. Vein-type Cu-Ag deposits and epithermal Ag-Cu-Pb-Zn deposits occur mainly in the western thrust-nappe system, whereas epithermal Ag-PbZn-Cu deposits mainly occur in the eastern thrust-nappe system (Chen et al., 2000; Zhao, 2006) .
The Baiyangping and Wudichang Ag-bearing polymetallic ore deposits occur in the northwestern part of the Lanping basin within the western thrust-nappe system known as the western metallogenic belt (Zhao, 2006; He et al., 2009) . The western metallogenic belt has traditionally been referred to as the "western ore zone of the Baiyangping district" by local geologists (He et al., 2009) . In addition to the Baiyangping and Wudichang deposits, other important epithermal Ag-bearing polymetallic deposits in this belt include the Fulongchang and Hetaoqin deposits (Fig. 1a) .
The western metallogenic belt is about 15 km long and 1.2-3 km wide. This area has three sets of faults: the NS-striking Sishiliqing thrust fault (F 2 ), its second order NE-striking faults (F 6 -F 9 , F 12 ), and the ~EW strike-slip fault (F 11 ) (Figs. 1b and c) . These faults occur between the sandstone and carbonaceous slate of the Huakaizuo Formation and within the sandstone of the Lower Cretaceous Jingxing Formation.
The ore deposits in this region are mainly hosted in terrestrial-marine sedimentary rocks that have experienced low-grade metamorphism. These include quartz sandstone, siltstone, and mudstone of the Lower Cretaceous Jingxing Formation in addition to mottled elastic rocks, schist, sandy slates, and siliceous mudstone of the Middle Jurassic Huakaizuo Formation. Cracked rocks and fault gouges also host mineralization (Fig. 1) . Ore bodies occur in the NE-and nearly EW-trending second order fault zones or on both sides of the faults that generally dip to the SE at 43° to 87°. The Baiyangping deposit is relatively enriched in Cu, Co and Ag, compared to the other deposits. The Fulongchang deposit is relatively enriched in Ag. The Wudichang deposit is relatively enriched in Pb, Zn, and Ag. Common alteration in the host rocks includes carbonization, baritization, pyritization, and silicification (Chen et al., 2000 (Chen et al., , 2004 He et al., 2005) . The mineralization is dominated by open-space filling and cementation, and takes place along veins (Figs. 2a and b), lenses, and stratiform ore bodies. Ore minerals include tennantite, sphalerite, galena, Ag-bearing tetrahedrite, cobaltite, argentite, kongsbergite, pyrite, chalcopyrite, realgar, and orpiment (Figs. 2c-f). Gangue minerals include calcite, barite, ankerite, siderite, and minor quartz. Ore types are predominantly network (Fig. 2a) , veinlet ( Fig. 2b) , and brecciated and ore textures are mainly granular, ruptured, and metasomatic textures (Tian, 1997; Deng, 2011) .
SAMPLING AND ANALYTICAL METHOD
Microscopic observation identified 13 representative calcites associated with ore-bearing sulfides that were selected for analysis. Samples selected included four calcites associated with sphalerite and galena from the Wudichang mine and nine calcites that coexisted with copper-bearing sulfides from the Baiyangping No. 1 Mine at 2980 m altitude. All calcite samples analyzed were closely associated with Cu and Pb-Zn mineralization (Figs. 2a-f) . The samples were crushed, sieved, and se- lectively chosen under a binocular microscope. The selected calcite grains were ground with an agate mortar to the size of 74 microns.
Prior to isotopic analysis, the concentration of rare earth elements (REEs) in the calcite separates was analyzed using a Finnigan MAT ELEMENT inductively coupled plasma-mass spectrometer (ICP-MS) at the Institution of Geochemistry, Chinese Academy of Sciences. The analytical procedures are described by Qi and Grégoire (2000) . Sm-Nd isotope measurements were done using a MAT-261 thermal ionization mass spectrometer at the Tianjin Institute of Geology and Mineral Resources, the Chinese Academy of Geological Sciences. Nd isotope ratios were normalized to 146 Nd/ 144 Nd = 0.7219, using a power law fractionation correction. The reproducibility of the isotopic ratios is better than 0.005% (2σ). The precision of Sm and Nd abundances and 147 Sm/ 144 Nd ratios are better than 0.5% relative (2σ). The average element concentrations and isotopic ratios of the standard BCR-1 determined during the period of our analyses were 6.57 ppm Sm, 28.75 ppm Nd, and 143 Nd/ 144 Nd = 0.512644 ± 5 (2σ), which are similar to the recommended values (Peng et al., 2003) . The JMC standard had an average of 143 Nd/ 144 Nd at 0.511132 ± 5 (2σ). Blank averages were 0.03 ng Sm and 0.05 ng for Nd. The decay constant used in the age calculation was λ 147 Sm = 6.54 × 10 -12 /yr. The SmNd isochron ages were calculated using the program ISOPLOT 2.9 (Ludwig, 1996) . The detailed analytical procedures can be found in Peng et al. (2003) and Su et al. (2009) .
RESULTS
The concentration of REEs and isotopic compositions of Sm and Nd of the calcite samples are reported in Tables 2 and 3, and presented in Fig. 3 . All the calcite samples contain higher concentrations of REEs, with the ∑REEs content in the range of 3.13 to 12.23 ppm. Some differences in the chondrite-normalized REE pattern are apparent among the calcite samples (Fig. 3) . A slight enrichment in light REEs (LREEs) relative to middle REEs (MREEs) is observed for samples BYH-50-1, BYH10-11, BYH10-15, and BYH10-53. The chondrite-normalized REE patterns of the other calcite samples are MREEand HREE-enriched and LREE-depleted (Fig. 3) . This is similar to the calcites associated with antimony mineralization in the Xikuangshan deposit (Peng et al., 2003) .
As shown in (Peng et al., 2002) . However, lack of correlation between 1/Nd and 143 Nd/ 144 Nd in the samples rules out the possibility of two-component mixing (Fig. 4) . The calcite samples (n = 9) from the Baiyangping deposit yield a Sm-Nd isochron age of 27.4 ± 1.8 Ma (2σ), with an initial 143 Nd/ 144 Nd ratio of 0.5125983 (Fig. 5a ). The mean square weighted deviation (MSWD) is only 0.057. The low MSWD value suggests that the analytical errors were overestimated. The calcite samples (n = 4) from the Wudichang deposit yield a Sm-Nd isochron age of 30.1 ± 1.9 Ma (2σ), with an initial 143 Nd/ 144 Nd ratio of 0.5122170 (Fig. 5b) . The MSWD value is 0.66.
DISCUSSION
Several dating methods have been employed to obtain the ages of the epithermal Ag-bearing polymetallic ore deposits in the Baiyangping area. Available data provide varying ages of the deposits from 61.13 ± 0.19 to 20.60 ± 2.20 Ma (Xue et al., 2003; He et al., 2004; Li and Song, 2006; Wang et al., 2011) . One reason for such a large age range is probably unsuitable sampling strategy. This is suggested by the huge range of apatite fission track ages and quartz Ar-Ar ages found in a single deposit by different groups of researchers. For example, Li and Song (2006) obtained an apparent age of 20.6 ± 2.2 Ma for the Baiyangping deposit whereas He et al. (2004) an isochron age of 55.90 ± 0.29 Ma for the same deposit (Table 1) . Compared to the Sm-Nd isochron age of calcite associated with base metal sulfides in the deposit from this study, the apatite fission track ages are much younger. However, it is useful to consider that clastic illites and sericites in country rocks are easily interfused into illites and sericites of hydrothermal alteration origin (Wagner and Haute, 1992) . Therefore, the younger apatite fission track ages are likely related to different thermal events in the region. Since sphalerite is an important phase of the base metal sulfide assemblage in this type of deposit in the Baiyangping area, the Rb-Sr isochron age of sphalerite separates from the deposits is arguably the most reliable comparison. We have demonstrated that the Sm-Nd isochron age of calcite from the Wudichang deposit is indistinguishable from the Rb-Sr isochron age of associated sphalerite from this deposit reported by Wang et al. (2011) . Therefore, we believe that the Sm-Nd isochron age of calcite from the Baiyangping deposit represents the timing of base metal sulfide mineralization in the deposit. Additionally, the quartz Ar-Ar ages are inconsistent with our proposed age. According to He et al. (2004) and Xue et al. (2003) , the quartz 40 Ar/ 39 Ar ages provided for the Baiyangping deposit are ~56 Ma and ~61 Ma, respectively, which are much older than the calcite Sm-Nd isochron age from the same deposit.
Accurate mineralization ages for the Ag-bearing polymetallic ore deposits in the Baiyangping area combined with geologic relationships can help to resolve the controversy over the relationship between tectonic evolution and regional metallogeny. As described above, the distribution of the Ag-bearing polymetallic ore deposits in the Baiyangping area is clearly controlled by a Cenozoic thrust-nappe system in the NW part of the Lanping basin. The lower Eocene Yunlong Formation stra- 143 Nd/ 144 Nd plot for the calcites from the Baiyangping and Wudichang Ag-bearing polymetallic ore deposits. tum was affected by thrust-nappe tectonics (Fig. 1) , suggesting that mineralization took place during or shortly after its deposition (ca. 56 Ma at the end of the Paleocene, Li and Song, 2006; Bi and Mo, 2004) . Moreover, detailed field investigation in the Baiyangping district revealed that only a few quartz veins occurred in the Baiyangping ore district. These quartz veins are related to the protoliths and therefore, did not form concurrently with the mineralization (Zhao, 2006) . Thus, it is possible that the quartz samples with Ar-Ar ages of 56-61 Ma Xue et al., 2003) from the Baiyangping deposit represent vein formation within the protolith. The Sm-Nd isochron age of calcites (27.4 ± 1.8 to 30.1 ± 1.9 Ma) from the Baiyangping and Wudichang deposits are thought to represent the ages of mineralization.
The ore metals in the epithermal deposits in the Baiyangping area include Ag, Cu, Pb, Zn, and Co. Some researchers have suggested that different sources may have been involved (Chen et al., 2004; He et al., 2004) . This implies that multiple episodes of mineralization may have taken place in these deposits. However, the sphalerite Sr-Rb isochron ages and coexisting calcite Sm-Nd isochron ages from the Wudichang Pb-Zn-Ag deposit and the calcite Sm-Nd isochron ages from the Baiyangping Cu-Ag-Co deposit are all restricted between 27 and 30 Ma. Therefore, the copper and Pb-Zn mineralization in the Baiyangping area concurs with the calcite Sm-Nd isochron ages from 30.1 ± 1.9 to 27.4 ± 1.8 Ma.
Based on studies of the tectono-magmatic activities and relevant lithospheric processes, Hou et al. (2008) proposed a three-stage tectonic model for the Tibetan collisional orogen beginning with the main collisional convergence (65~41 Ma) through the late collisional tectonic transform (40~26 Ma) to the post-collisional extension (25~0 Ma) processes. Each collisional period under-went a transition from the compressional (transpressional) to the extensional (transtensional) regime in the collisional orogen (Hou et al., 2008) . The calcite Sm-Nd isochron ages (27.4 ± 1.8 to 30.1 ± 1.9 Ma) from the Baiyangping and Wudichang deposits correspond to the late-collisional stage of the Indo-Asian collision orogeny ( Fig. 6 ; Hou et al., 2006 Hou et al., , 2007 . Moreover, these ages are younger than the ages of emplacement of the Cenozoic alkaline intrusive rocks in the Lanping basin (e.g., Zhuopan intrusive (46.5 Ma), Huanglianpu intrusive (36.7 Ma), and Weishan intrusive (38.8 Ma); Ar-Ar technique, Dong et al., 2005) . This suggests that calcite generation occurred during the transition from a transpressional to a transtensional regime.
A series of Pb-Zn-Ag-Cu deposits controlled by the thrust-nappe system occur in the northwestern Lanping basin and include the Baiyangping Ag-Cu-Pb-Zn deposits, the giant Jinding Zn-Pb deposit, and the Jinman Cu deposit (Zhao, 2006; Hou et al., 2006; He et al., 2009; Zhang et al., 2013) . The Baiyangping and Jinding are similar deposit types, but the Jinman deposit is different (Zhao, 2006; He et al., 2009) . The mineralization ages of the Jinding deposit are between ~40 Ma and ~34 Ma (Zhao, 2006; He et al., 2009) . These ages are also consistent with our proposed age. He et al. (2009) and Hou et al. (2006) speculated that Ag-Cu-Pb-Zn mineralization in the eastern Indo-Asian collision zone that includes the Lanping basin took place during episodic relaxation pulses (Fig. 6 ) within an overall compressional period. The Cenozoic deformation records suggest that the eastern collision zone underwent transpression after the Paleocene and transtension after ~20 Ma (Wang et al., 2001; Spurlin et al., 2005; Tapponnier et al., 1990 ). It appears that base metal sulfide mineralization in the Baiyangping area took place during the transition from transpression to transtension in the region.
CONCLUSIONS
The Baiyangping and Wudichang Ag-bearing polymetallic ore deposits in the Lanping basin, western Yunnan province, have similar calcite Sm-Nd isochron ages from 30.1 ± 1.9 to 27.4 ± 1.8 Ma that are similar to the sphalerite Rb-Sr isochron age from the Wudichang deposit. The quartz Ar-Ar ages and apatite fission track ages reported previously by other researchers are much older or younger. These differences are possibly due to unrepresentative sampling of base metal mineralization in the deposits. The mineralization ages of ~30-27 Ma, based on calcite Sm-Nd dating, coincide with the IndoAsian continental collision. At the regional scale, we speculate that the mineralization took place during a transitional period from transpression to transtension based on regional geologic records.
